The effect of intramyocardial pH on functional recovery in neonatal hearts receiving St. Thomas' Hospital cardioplegic solution during global ischemia.
The experiments in the present study were designed to address two issues: Is it possible to manipulate intramyocardial pH in neonatal hearts with different buffers in cardioplegic solution and, if so, do differences in intramyocardial pH during ischemia influence functional recovery? Isolated working hearts from 7- to 10-day-old rabbits underwent 60 minutes of cardioplegic arrest at 37 degrees C with cardioplegic washouts at the onset of ischemia and at 30 minutes. Hearts were reperfused with oxygenated physiologic saline solution (pH = 7.4), returned to the working mode for 30 minutes, and hemodynamic measurements were obtained to compare with baseline values. Intramyocardial pH was held constant during the ischemic interval by infusing cardioplegic solution containing different buffers: histidine (pK 6.0 at 37 degrees C), bicarbonate (pK 6.4), or tromethamine (pK 8.1). The intramyocardial pH was measured continuously with a Khuri glass electrode system (Vascular Technology, Inc., North Chelmsford, Mass.). Cardioplegic solutions buffered to pH values of 6.0 (histidine), 7.4 (bicarbonate), and 8.0 (tromethamine) were associated with ischemic intramyocardial pH values of 6.3 +/- 0.03, 7.02 +/- 0.05, and 7.88 +/- 0.06, respectively. Functional recovery was best in the acidic (histidine) and worst in the basic (tromethamine) groups. Recoveries of developed pressure, the rate of rise of pressure over time, and aortic flow were significantly better for each parameter in the bicarbonate-treated compared with the tromethamine-treated hearts (p less than 0.005). Recovery in the histidine group, however, was superior to that in both the bicarbonate-treated and the tromethamine-treated hearts (p less than 0.005). Regression analysis demonstrated that a significant inverse relationship existed between functional recovery and intramyocardial pH, supporting the conclusions that intramyocardial pH is an important determinant of functional recovery in the neonatal heart and that acidic conditions during normothermic ischemia optimize preservation of myocardial function.